We present selected new results on leptonic B meson decays from the BABAR experiment: searches for the decays
Introduction
Leptonic B meson decays provide an important tool to investigate the Standard Model (SM) and physics beyond the SM. They are highly suppressed in the SM, because they involve a b → d transition, require an internal quark annihilation, and there are also helicity suppression for B 0 → ℓ + ℓ − and B + → ℓ + ν modes, and because the flavor-changing neutral-currents are forbidden at the tree level for B → Kνν mode. The decay rates can be enhanced or reduced when heavy virtual particles like Higgs or super-symmetric 2 (SUSY) particles replace the W boson or show up at higher orders in loop diagrams. Constraints on these decays can provide information on important SM parameters, such as B meson decay constant. They have identifiable final states with low multipliticy, but they are mostly below our sensitivity. These decay modes will play an important role at the future colliders, such as a Super-B factory, ILC, and LHC (for muon modes).
The analyses described in this paper use data recorded with the BABAR detector at the PEP-II asymmetric energy e + e − storage rings. A detailed description of the BABAR detector can be found elsewhere 3 . A full BABAR Monte Carlo (MC) simulation using GEANT4 4 is used to evaluate signal efficiencies and to identify and study background sources. 
The leptonic decays B 0 → ℓ + ℓ − are studied using 383.6 × 10 6 BB events. The SM prediction on the branching fractions (BFs) are 1.9 × 10 −15 (8.0 × 10 −11 ) for the e + e − (µ + µ − ) mode, and the B 0 → e ± µ ∓ decay is forbidden. The best upper limits (UL) on the BFs have been set at the order of 10 −8 by the BABAR 5 experiment for e + e − and e ± µ ∓ modes using 111fb −1 , and by CDF 6 experiment for µ + µ − mode with 2fb −1 .
The B 0 candidate is reconstructed by combining two oppositely charged tracks originating from a common vertex. We use two kinematic quantities:
where E * beam is the beam energy in the CM frame, p * i and m i are the momenta in the CM frame and the masses of the daughter particles i of B meson. E * beam is used instead of the measured B meson energy in the CM frame because E * beam is more precisely known. For correctly reconstructed B 0 mesons, the m ES distribution has a maximum at the B 0 mass with a standard deviation of about 2.5 MeV/c 2 and the ∆E distribution has a maximum near zero with a standard deviation of about 25 MeV.
Stringent requirements on particle identification 7 are made to reduce the contamination from misidentified hadrons and leptons. We retain about 93% (73%) of the electrons (muons), with a misidentification rate for pions of less than about 0.1% (3%). The main background are continuum processes where e + e − → f f, (f = u, d, s, c, τ ). A Fisher discriminant 8 (F) is constructed, using their different event topology with respect to that of the signal events.
A maximum likelihood (ML) fit is performed based on the variables m ES , ∆E and F. The results are summarized in Table 1 . The event and background sP lot 9 distributions are shown in Figure 1 . Using a Bayesian approach, a 90% confidence level (CL) UL on the BF is calculated. The systematic uncertainties are included as a Gaussian into the likelihood calculation.
We present searches for the decays B + → ℓ + ν and the lepton flavor violating decays B 0 → ℓ + τ − , where ℓ = e or µ using 378×10 6 BB events. The SM predictions of the BFs are of the order of 10 −11 (10 −7 ) for B + → e + ν (B + → µ + ν), and B 0 → ℓ + τ − modes are forbidden. The UL on the BFs have been measured by BABAR 10 , Belle 11 , and CLEO 12 . The best published limits are from Belle for B + → ℓ + ν, at the order of 10 −6 with 253fb −1 , and CLEO for B 0 → ℓ + τ − , at the order of 10 −4∼−5 with 9.6 × 10 6 BB events.
We fully reconstruct one of the two B mesons (B tag ) in the event: B tag → D ( * ) X had , X had decays in combinations of K's and π's. This method has not been used for searches for these modes. To suppress the continuum backgrounds, we use their different event topologies with respect to that of the signal events. After all selection criteria are applied, it results in a yield of approximately 2500 (2000) correctly reconstructed B + (B 0 ) candidates per fb −1 of data. This hadronic tagging method yields lower statistics than other methods but it provides an almost background-free environment.
All particles not used in the B tag reconstruction are included in the reconstruction of the signal B meson. From the two-body kinematics, we expect a mono-energetic lepton in the signal B rest frame: lepton momentum (p * ) of 2.64 (2.34) GeV/c for the
We reconstruct τ in the following modes:
The second highest momentum track in the event excluding the B tag daughters is assumed to be a τ daughter, and is required to have a charge opposite to the primary signal lepton.
The signal yields are extracted from unbinned ML fits to the signal lepton momentum distributions, as measured in the signal B rest frame. The fits are restricted to the ranges in p * shown in Fig. 2 . Using a Bayesian approach, a 90% CL UL on the BF is determined. The dominant systematic uncertainties are due to the fitting procedure and the determination of B tag efficiencies. The total uncertainty is between 10 and 16% depending on the modes. The uncertainties are incorporated into the final results by varying the BF assumption by its uncertainty when integrating likelihood for the 90% CL UL. The results are summarized in Table 2 . 
The B → Kνν decays are studied using 319 fb −1 of data. The SM prediction of this mode 13 is (3.8 ± 1.2) × 10 −6 and the best published UL is at 1.4 × 10 −5 from Belle 14 with 535 × 10 6 BB events.
We reconstruct one of the two B mesons in the event, where it decays semileptonically: , where s is signal, b is background and N σ is the sigma level of discovery (we take N σ = 3), and found the optimal Punzi Figure of Merit with a terminal leaf size of 35 events, after growing 100 decision trees, and sampling on at most 20 variables. The variables include number of tracks in the event (excluding tracks from the B tag reconstruction), transverse momentum of tracks, event topology variables, missing energy in the event, total energy in the event, total energy deposit in the detector that are not associated with any charged or neutral particles.
The signal box is defined in the 2-dimensional space of D 0 mass and the RF output, which is blinded until we finish with all selections and estimations. The RF output ranges between 0 and 1. The signal box is RF output bigger than 0.82 and near D 0 mass peak which varies depends on the D modes. We estimate the background level in the signal box using MC events as well as data outside of the signal box.
While 30.71 ± 10.71 events are expected 38 events are observed as shown in Figure 3 . The systematic uncertainties, which are estimated using double tag events, in where both B mesons decay semileptonically, are incorporated in the UL BF calculation. We set 90% UL BF at 4.2 × 10 −5 , using a modified frequentist method 17 .
Summary
New leptonic B meson decays from BABAR are presented: B 0 → ℓ + ℓ − , B + → ℓ + ν, B 0 → ℓ + τ − and B → Kνν decays. We have not observed signal and set upper limits on all of these decays. With much more statistics from Super-B factory or ILC, exploiting the hadronic tagging method may be powerful. The leptonic B meson decays will provide us important information on nature with more data. 
